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1. Introduction 
Electrical discharges across solid dielectric surfaces have substantially different properties to discharges 
through gas volumes, and an understanding of the processes associated with the formation of these 
surface discharges is of great interest for many applications. It has been shown for example that surface 
discharges offer many advantages over gas volume discharges as W and visible light sources [l-51. 
Advantages include a large luminous area, enhanced emission within spectral bands of interest, 
improved electrical to optical energy conversion efficiency, the straightforward generation of short 
optical pulses, a high degree of optical coupling with the load and the ability to withstand high energies 
and peak powers. Applications which utilise the spectral properties include those that use the surface 
discharge as: 
a pre-ionisation and optical pumping source for gas lasers, liquid organic-dye lasers and novel 
dye-impregnated polymer lasers. 
a high intensity W source for the destruction of food-borne pathogens and spoilage 
microorganisms. 
a high power, short-duration W light source for treatment of materials during the process of 
photo-resist ashing in semiconductor lithography. 
a short-exposure light-pulse source for high-speed, time-resolved photography. 
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The propagation of a surface discharge along a gas/dielectric interface involves a complex interaction 
between the discharge and adjacent dielectric surface, and is dependent upon a large number of 
parameters, including the physical and chemical properties of the gas and dielectric surface as well as 
the electric field distribution. Research concerning the mechanisms that govern the development of 
surface discharges and the potential uses of this technology, has led to some degree of understanding of 
this type of discharge [l-31. Studies have revealed that by using a suitable combinationof electrical 
driving circuit, discharge configuration, gas and substrate material, it is possible to significantly 
enhance the continuum and discrete-line emissions within chosen spectral bands. For example, the 
efficiency of spectral emission within the 200-35Onm W region can be greatly increased by using a 
short (several hundred ns) rectangular voltage pulse in conjunction with a carefully selected gas or gas 
mixture and discharge geometry. This spectral region is of importance for organic dye laser excitation 
and W induced pasteurisation and sterilisation of foodstuffs [6-81. 
The purpose of the present programme at the University of Strathclyde is to optimise the intensity of 
spectral emission from surface discharges within the 200-350 nrn and 450-550 nm wavelength bands. 
This involves the investigation of the physical mechanisms influencing surface discharges in order to 
identify those factors that control the light emission processes. Part of diagnostic approach involves the 
use of optical fibre sensors to measure temperature on the dielectric surface of the discharge system and 
at the electrodes, as well as electric fields along the surface. The temperature sensor can be used to 
provide information on how the input pulsed power is distributed between the discharge regions and the 
electrodes under different discharge conditions. This information can be then used in tailoring the 
discharge for particular applications. In this paper, the principle of the temperature sensor, its 
experimental arrangement and some preliminary results obtained at the dielectric surface of a pulsed 
discharge in xenon is described. 
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2. The optical fibre sensor 
A consequence of the development of optical fibre technology for communications has been the 
application of optical fibres to the sensing of a wide range of physical and chemical parameters. Many 
of the properties of fibres that are important for communications are significant for sensing: these 
include their small dimensions, their insulating nature and their immunity to high voltage and 
electromagnetic noise. These attributes make them particularly attractive for diagnostics of electrical 
discharges [9]. As insulators, optical fibres create none of the electrical disturbance or breakdown 
problems often associated with metal probes, and their small dimensions mean that distortion of 
discharge structure is minimised. With many electrical discharges occurring in environments that are 
electromagnetically noisy and which involve high voltages, signal transfer and processing through 
optical fibres provides significant benefits. 
The optical fibre sensor used in the present work to measure temperature relies on the modulation of the 
phase of the light transmitted through a length of fibre, and this is measured interferometrically. Single- 
mode optical fibres carry monochromatic light without altering its coherence characteristics and can 
therefore be used to assemble optical fibre interferometers. Fig. 1 shows the arrangement of the Fabry- 
Perot optical fibre interferometer used here. Polarised light from a 633 nm He-Ne laser is launched into 
one arm of a 3 dl3 2x2 optical fibre coupler. One of the output arms of the coupler is terminated in an 
index-matching gel to eliminate end reflections. The other end is cleaved and coupled to a 50 mm 
length of fibre which is cleaved at both ends and forms the Fabry-Perot cavity. This length of 1 2 5 - p  
diameter unjacketed fibre is single mode at 633 nm. A gap of a few p exists between the coupled 
ends. The two beams of light reflected from the ends of the Fabry-Perot cavity interfere and the 
resultant interference signal is detected at the output of the fourth arm of the 
He-Ne laser 7 Fabry-Perot cavity r 
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Figure 1 Optical fibre Fabry-Perot interferometer 
3 dB coupler. The Fabry-Perot cavity is mounted on the width of the substrate of the surface discharge 
and is fed through a vacuum-tight seal to join the remainder of the optical system outside the discharge 
chamber. 
A change in temperature T of the 10-mm length of fibre exposed to the discharge changes the optical 
path length by changing both the refractive index n of the fibre material and the length L of the fibre. 
The sensitivity of the sensor to temperature is given by the change in the phase angle of the light db 
/di? 
1212 
1dL dn 
where is the temperature coefficient of 
refractive index. For fused silica, the values of these coefficients are 5 x 10-7/0C for expansion and 10 x 
10-6/oC for refractive index. That is, the variation of refractive index with temperature is substantially 
greater than the variation of fibre length with temperature. Putting in these values together with the 
refractive index n value of 1.456 and the wavelength of the red line of the helium-neon laser 633 nm 
gives 
is the temperature coefficient of linear expansion, and 
-- 1 4 = 107 rad "C-' m-l = 17 fi-inges "c-l m-l 
L dT 
where a fringe corresponds to a phase change of 27c. In this experiment, the fibre length exposed to the 
discharge is 10 mm, so that the beam reflected from the distant end of the Fabry-Perot cavity traverses 
20 mrn of heated fibre. Therefore each phase change of 27c corresponds to a fibre temperature change of 
3°C. 
3. The surface discharge 
The experimental system consists of a discharge chamber, the optical fibre sensor system and a low- 
impedance, high-voltage pulse generator. A schematic diagram of the surface discharge chamber is 
shown in Fig. 2. The two electrodes are made from 1-mm thick copper and are positioned to make 
physical contact with the underlying sapphire substrate. The electrodes have a triangular profile in order 
to produce spatially consistent discharges at the centre of the gap. The electrode gap is 30 mm and the 
substrate width is 40 mm. The discharge gap is enclosed in a sealed PTFE chamber, which can be 
evacuated to a pressure of lo-* mbar. The chamber is subsequently filled with xenon to pressures in the 
range 0.25 to lbar. The discharge current return path is via a conductive back plane mounted under the 
substrate. 
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Fig 2 Discharge chamber and 
plan of discharge area 
Copper Electrodes 
A surface discharge is initiated by applying a rectangular, high voltage pulse to one of the electrodes. 
The 25 kV voltage pulse is produced using a lumped element PFN: it has a duration of 1 ps with a 
driving current of 4 kA. The pulse generator is activated using a low inductance, triggered spark gap 
switch. This switch is activated via an optic fibre link to a remote trigger unit. 
4. Results 
During a pulsed surface discharge, the output signal from the optical fibre sensor varies with time as 
shown in figure 3. The four signals of figure 3 were obtained under the same discharge conditions and 
with the sensing fibre placed across the substrate at the halfway point between the electrodes. The four 
signal traces are included here to demonstrate the consistency of discharge and sensor operation. As 
described above, each complete wavelength in a trace corresponds to a phase change of 27~ and hence to 
a fibre temperature change of 3°C. 
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Fig 3 Optical fibre interferometer traces 
A problem associated with the interpretation of interferometer traces is that the direction of temperature 
change is ambiguous. However, because successive traces obtained under the same experimental 
conditions tend to start with a different phase, comparison of several such traces can provide 
information on the times at which fibre heating changes to cooling and vice versa. Our interpretation of 
the traces in figure 3 is that the fibre temperature is increasing up to a 0.06 s after application of the 
discharge pulse and cooling thereafter. Because of noise associated with vibration of the sensor during 
the first 0.02 s of the discharge, it is not possible to count the number of fringes during the heating 
phase. However, the fibre must ultimately cool down again, and the maximum temperature reached can 
be deduced from the total number of fringes during the cooling phase from 0.06 s onwards. The traces 
of figure 3 clearly show the cooling of the fibre with the time between fringe maxima slowly increasing. 
We have been able to determine that the temperature of the fibre, and hence that of the substrate, 
reached 300°C above ambient under the discharge conditions described here. It is important to note that 
the 125 mm diameter silica fibre has a thermal time constant of less than 1 ms and so can record 
temperature changes on a millisecond timescale [9]. 
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